Abstract: This study evaluated the anthelmintic activity of the petroleum ether, benzene, chloroform, ethanol extracts of aerial parts of Hygrophila difformis (Family: Acanthaceae). The Pheretima posthuma were used for all the experimental protocol due to their anatomical and physiological resemblance with the intestinal roundworms of ruminants and human beings. The worms were treated with the extract solutions containing three different concentrations (10, 25 and 30 mg/ml), for each extracts supplemented with 1% gum acacia in normal saline at 37 ± 1°C. Albendazole at a dose of 10 mg/ml was used as reference. The effectiveness of the extracts was judged on the basis of the loss of spontaneous movement and/or death of the worms. Qualitative phytochemical analysis of different extracts of the plant was carried out following the standard procedure. All extracts at different dose levels effectively paralyzed and killed the worm in dose-dependent fashion (p < 0.001). Maximum anthelmintic activity was found with benzene extract. Cardiac glycosides, tannins, steroids, flavonoids and saponins were found positive in phytochemical analysis. The present study established the anthelmintic activity of H. difformis and can be utilized for the ruminants.
INTRODUCTION
Helminths produce severe problem in animals, birds, fishes and human beings round the world. Although, in most occasions, helminth infections are in asymptomatic state and seems to be not so serious, but in heavily infected human or animals, they become responsible for severe morbidity. Helminthic infections may subvert immune responses to pathogens of other diseases through suppression of the immune response [1] .
Paramphistomes (Superfamily: Paramphistomoidea) are responsible for paramphistomosis, is characterized by acute parasitic gastroenteritis with high morbidity and mortality rates, especially in young stock [2] [3] . Fasciola hepatica is well known as liver-fluke, responsible for fascioliasis in humans and ruminants in temperate regions of the world including Bolivia, Chile, Cuba, Ecuador, Egypt, France, Peru, Portugal, Spain, Vietnam etc. [4] [5] . The flatworm damages liver parenchyma and bile ducts of its host like sheep, cow, buffalo, man, may be responsible for death of the host [6] [7] . Haemonchus contortus, a gastrointestinal nematode, is also responsible for large economic losses to livestock breeders by causing appetite depression, damages in gastric function [8] . Planaria and Rhipicephalus microplus (Canestrini, 1887) produces a serious problem for the cattle industry in tropical and subtropical regions of the world [9] [10] .
*Address corresponding to this author at the Pharmacy College, Azamgarh, Uttar Pradesh 276128, India; Tel: +91-9450385946; Fax:+91-5462-243134; E-mail: hossainemdad@yahoo.com Triclabendazole, Ivermectin, levamisole, diamphenethide, albendazole, rafoxanide and other popular synthetic anthelmintic drugs were used against different parasitic infections. However, resistance in ruminants and human has been developing and is spreading in tropic and subtropic countries [11] [12] .
Anthelmintics obtained from medicinal plants can be utilized for the treatment of parasitic infections effectively [13] [20] . Hygrophiloside was found on preliminary chemical analysis of the aerial parts of Hygrophila difformis [21] . CNS depression activity was found with the aerial part of the plant [22] . No report was found regarding anthelmintic activity of H. difformis till the date.
The purpose of the present work was to investigate the anthelmintic activity of a different extract of the aerial parts of Hygrophila difformis. 
MATERIAL AND METHODS

Plant Material
Preparation of Extract
The powdered plant material was extracted with petroleum ether (40-60°C) and the merc was successively extracted with benzene, chloroform, ethanol respectively in a series using a Soxhlet extractor. The extracts were concentrated to dryness under vacuum individually to get petroleum ether extract (PEHD), benzene extract (BEHD), chloroform extract (CEHD), ethanol extract (EEHD) respectively. The yield of petroleum ether, benzene, chloroform and ethanol extracts were 4.26, 3.25, 1.85, 9.17% w/w respectively. The prepared extracts were tested for anthelmintic activity and qualitative phytochemical analysis.
Test Organism
The earthworms (Pheretima posthuma) were used for all the experimental protocol due to their anatomical and physiological resemblance with the intestinal roundworm parasites of human beings and other ruminants [23] [24] [25] [26] . Indian adult earthworms (12-15 cm in length and 0.3-0.5 cm in width) collected from moist soil and washed with normal saline (0.9% w/v, aqueous sodium chloride) to remove all unnecessary matter, were used for the anthelmintic study.
Anthelmintic Activity
The Anthelmintic activity of aerial parts of Hygrophila difformis extracts was determined by using the method described by Nirmal et al. [27] with slide modification. Briefly, worms were placed in Petri dishes containing 20 ml of the extract solution having three different concentrations (10, 25 and 30 mg/ml), each of petroleum ether (PEHD), benzene (BEHD), chloroform (CEHD) and ethanol extract (EEHD) respectively supplemented with 1% gum acacia in normal saline at 37 ± 1°C. Albendazole (10mg/ml) was used as reference standard (positive control) while 1% gum acacia in normal saline as negative control [28] [29] [30] . Six set of experiments was done for each concentration. The time taken to paralyze and kill individual worms was observed. Paralysis was noted when the worms become immobile even in the normal saline solution. Death was concluded when the worms lost their motility even when vigorously shaken or dipped in warm water followed by fading away of their body color.
Phytochemical Analysis of the Plant Extracts
Qualitative phytochemical analysis of different extracts of the plant was carried out by established methodologies in search of active ingredient responsible for anthelmintic study. The phytochemicals included under study were alkaloids, cardiac glycosides, tannins, steroids, flavonoids and saponins, were carried out according to the methodologies of Harborne [31] and Khandelwal [32] .
Statistical Analysis
All results were expressed as mean ± S.E.M and analyzed for statistical significance by one-way analysis of variance (ANOVA) followed by Tukey test using computerized GraphPad Prism version 4.03, Graph Pad Software Inc. p < 0.05 was considered as statistically significant.
RESULTS AND DISCUSSION
Different extracts of aerial part of Hygrophila difformis at different dose levels effectively paralyzed and killed the earthworms (p<0.001) ( Table 1) . In all cases the efficacy was in dose-dependent fashion i.e. the efficacy of the extract gradually reduced with reduction of the dose. Among all the extracts, the benzene extract (BEHD) was found to be most effective for paralyzing as well as for killing the worms and petroleum ether extract is having least anthelmintic activity. Maximum activity was found at dose of 30 mg/ml. Ethanol extract (EEHD) also showed significant activity (p<0.001) but slight less than the benzene extract. Albendazole took moderate time for paralysis (37.17 ± 2.04 min) or death (65.50 ± 1.84 min) for the worms (p<0.001) ( Table 1) . Worms incubated in control media showed spontaneous physical activities for more than 24 hours.
Preliminary phytochemical screening revealed the presence of cardiac glycosides, tannins, steroids, flavonoids and saponins for different extracts as mentioned in Table 2 .
In this in vitro study, the effectiveness of the extract had been judged on the basis of the loss of spontaneous movement and/or death of the worms [18] . As shown in the Table 1, the benzene extract of H. difformis displayed a significant anthelmintic property in a dose dependent manner giving shortest time of paralysis and death with 30 mg/ml concentrations, comparable with the standard drug albendazole. The ethanol and chloroform extracts exhibited a modest activity.
Phytochemical analysis of the crude extract revealed presence of steroids and cardiac glycosides as the key phytoconstituents in all extracts. In theoretical studies steroids and cardiac glycosides were shown to produce anthelmintic activities [16, [33] [34] [35] . It can be predictable that the activity is due to the above secondary metabolite and the difference efficacies of the different extract may be due to quantitative variation of the steroids and cardiac glycosides. In our earlier studies, ethanol extract (EEHD) is a safe drug and no mortality was observed up to 2.5 g/kg, intra-peritoneally (i.p.) in acute toxicity tests in mice [22] . It can be expected that the extracts are safe to a large dose in oral form to the ruminants.
From the results obtained in this present study, it is clear that the petroleum ether, benzene, chloroform, ethanol extracts of aerial parts of Hygrophila difformis possess anthelmintic activity. 
